Introduction

15
Carbon supported platinum remains the most versatile electrocatalyst for low temperature fuel cells. Active investigations are made to optimize the structure of the electrocatalyst for maximum activity and stability. 1, 2 Apart from the metal nanostructure, the porous carbon support structure can 20 be equally important as it enables metal dispersion, efficient transport of reaction species, and conduction of electrons and heat. While Vulcan and other activated carbons have been commonly used, they do not have uniform and well-defined structural properties for definitive investigations. The ordered 25 mesoporous carbons (OMC), e.g. CMK3 carbon, 3 provide welldefined and high performance structures for electrocatalysts studies. There are increasing uses of OMC as supports for platinum 3 and platinum containing mixed-metal catalysts.
4-7
A typical synthesis of carbon supported platinum 30 electrocatalyst involves loading a platinum source into an existing porous carbon structure. A synthetic porous carbon, e.g. ordered mesoporous carbon would be created first. Using CMK3 as an example of carbon support, Route A in Scheme 1 shows the conventional synthesis of porous-carbon supported Pt 35 nanoparticles. An ordered mesoporous silica is first filled with a carbon precursor and catalyst in step i, 10 followed by carbonization in step ii, removal of silica in step iii, and loading of metal nanoparticles into the OMC in the last step. The same procedure is used to load other metal nanoparticles [7] [8] [9] 11 and into 40 other porous carbons. 12, 13 The platinum nanoparticles can be deposited from a precursor using the glycol method, 14 ,15 reducing agents, 16 or microemulsions.
17
The last step of loading metal nanoparticles into an OMC structure encounters several difficulties. The long and narrow 45 carbon mesopores hinder penetration of metal precursors, e.g. colloidal metal prepared from glycol 14, 15 or metal containing microemulsion. 17 The partially hydrophobic pores of OMC also prevent complete wetting by aqueous metal precursors. These lead to non-uniform dispersion of metal nanoparticles and losses 50 of metal precursors in the synthesis. High metal loading in OMC cannot be routinely achieved. For multiple metals, control of metal ratio at nanoparticle level is also rarely achieved due to differences in wettability, penetration, and deposition kinetics of metal precursors. Furthermore, remains of carbonization catalysts 55 e.g. sulfur from sulfuric acid or aluminum can be detrimental to the performance of electrocatalysts. These problems of loading metal nanoparticles are common to other porous carbons, e.g. Vulcan carbons.
Metallization before or during carbonization has seldom been 60 considered since the high carbonization temperature ≥ 700 ºC destroys nanoparticle-protecting agents and encourages uneven and unrestricted growth of metal particles. A previous attempt to carbonize platinum-loaded mesoporous silica resulted in large and non-uniformly sized Pt particles. 8 PFA-protected dispersed platinum" (CPDP). Table 1 lists the steps of the two alternative routes and the structures before and after each reaction step. 
Route Structure
Step i Structure
Step ii Structure
Step iii Structure
Step Though a common Pt/CMK-3 final structure is shown for the two routes, Route B leads to Pt nanoparticles that are better dispersed. In other reported syntheses 5, 18 with metallization and carbonization proceeding simultaneously at high temperature, different platinum precursors, including platinum acetylacetonate 10 and (NH 3 ) 4 Pt(NO 3 ) 2 are used without a protecting agent to preserve dispersion and prevent growth of platinum nanoparticles. Carbonization occurs around an added catalyst, such as oxalic acid, 13, 18 or sulfuric acid 5, 8 rather than a H 2 PtCl 6 site in the CPDP route. Details of the CPDP synthesis, characterization of the 15 resulting Pt/CMK3 structure, and electrocatalytic activity for methanol oxidation are presented in this paper.
Experimental
Synthesis of SBA-15 and CMK3
The ordered mesoporous silica was prepared by the procedure was kept at 35 ºC, stirred for 1 day, transferred into an autoclave and heated to 90 ºC for another 2 days. The product was collected by centrifugation and dried at 80 ºC overnight. P123 was burnt off at 550 ºC for 5 hrs in flowing air to yield the product SBA-15. Furfuryl alcohol (FA) and oxalic acid with a molar ratio of 30 to 30 1 were filled into SBA-15 by an incipient wetness impregnation method. The composite was heated to 80 ºC and then 160 ºC for 3 hrs to promote the polymerization of FA. After that, the assynthesized composite was carbonized at 700 ºC in flowing Ar for 3 hrs. Then the template SBA-15 was removed in 10 wt% HF 35 solution.
Synthesis of Pt/CMK3-EG
45 mg of CMK3 was stirred into a solution of ethylene glycol (EG) containing 5 mg of Pt in [PtCl 6 ] 2-, and the pH was adjusted to 13 by using 0.1 M of NaOH in EG. The solution was heated to 130 ºC for 3 hrs with flowing N 2 . The product Pt/CMK3-EG was collected by centrifugation, then washed with de-ionized water for several times and dried at 80 ºC in a vacuum oven. 
Synthesis of Pt/CMK3-CPDP
Electrochemical measurements
The electrochemical tests were conducted on an AutoLab PGSTAT 30 potentiostat. A three-electrode electrochemical cell 35 with Pt plate as counter electrode, Ag/AgCl as reference electrode and glassy carbon (GC) electrode with an area of 0.20 cm 2 as working electrode was used. The GC electrode was polished to a mirror finish with a 0.05 μm suspension before each experiment. The catalyst ink was composed of 5.0 mg Pt/OMC, 800 μL 40 ethanol, 100 μL H 2 O and 100 μL 0.5 wt% Nafion solution, 20 μL of which was pipetted onto the top surface of GC electrode and dried at 60 ºC for 1 hr. Before each test, the electrolyte was purged with N 2 for electrochemical surface area evaluation and methanol oxidation. All the potentials reported were relative to 45 normal hydrogen electrode (NHE).
Results and discussion
It is known that polymerization of FA, the carbon precursor, precedes carbonization. The condensation polymerization is catalyzed by acids, e.g. oxalic acid (OA), with moderate heating 50 at 80 ºC. 19 At 160 ºC, cross-linking of poly-furfuryl alcohol (PFA) occurs. Gradual pyrolysis reactions occur at higher temperatures. 19 The platinum precursor, H 2 PtCl 6 , is acidic and hygroscopic. Its function as catalyst for FA polymerization has, to our best knowledge, not been reported. Platinum precursor 55 catalyzed FA polymerization is a key to enable this reverse order synthetic route. We observed ready polymerization of FA in a beaker when contacted with H 2 PtCl 6 added into the beaker at room temperature. During subsequent heating in the carbonization step, H 2 PtCl 6 thermally decomposes to platinum 60 nanoparticles between 220 -500 ºC with emission of hydrogen chloride and chlorine. 20 The FA that polymerized around H 2 PtCl 6 acts as a protecting agent to prevent agglomeration and growth of Pt nanoparticles at elevated temperatures. This PFA protection agent gradually turns into carbon and forms an integral part of the 65 electrocatalyst.
Feasibility of the CPDP route can be demonstrated by characterization of the final structure of the supported electrocatalyst denoted as Pt/CMK3-CPDP. The dispersion and uniformity of Pt nanoparticles in the CMK3 can be clearly seen in 70 the TEM image of Fig. 1 . It is remarkable that the dispersion and small size of the Pt particles can be preserved during carbonization at 700 ºC for 3 hrs. Also, the structure of the carbon CMK3 was shown to be highly ordered with a hexagonal symmetry from Fig. 1b The effectiveness and superiority of the CPDP route are 85 demonstrated by the resulting Pt/CMK3 structure having i) higher loading and more uniform dispersion of Pt; ii) better carbon structure with higher surface area and pore volume; and iii) higher electrochemical activity compared to Pt/CMK3 synthesized via the conventional ethylene glycol (EG) method. The HRTEM images of the Pt nanoparticles in the two structures show similar and well-developed lattices in Fig. 4a and b, respectively. In the two synthetic routes, the same amount of Despite loaded with more Pt, the Pt/CMK3-CPDP structure has higher surface area and pore volume than Pt/CMK3-EG, as characterized by nitrogen sorption in Fig. 7 . The structural parameters of the silica template, the resulting Pt-free, and Pt 5 loaded carbon structures are compared in Table 2 . Pore size / nm carbon structures as tabulated in Table 2 .
The pore size distribution in Pt/CMK3-CPDP shows a sharp peak at 3.6 nm, similar to those of Pt/CMK3-EG and Pt-free CMK3, as shown in Fig. 7 Table 2 , the ECSA of Pt/CMK3-CPDP is 16 % higher 55 than that of Pt/CMK3-EG. Table 2 . In addition to better dispersion of Pt, higher pore volume, and 10 surface area of the carbon structure, the higher electrochemical activity may be due to an optimum Pt/C interface. At an intermediate step of the CPDP process, the Pt nanoparticles are sandwiched at the silica/carbon interface but are more embedded into carbon substrate which forms around the Pt nanoparticles. 15 The removal of silica in the final step will expose the Pt nanoparticles which are embraced by the carbon support, as shown in the upper panel of Fig. 11 . On the other hand, for the conventional synthetic route shown in the lower panel, the Pt nanoparticles were deposited onto an existing carbon substrate 20 with less carbon/platinum integration. There can be differences in the platinum/carbon interfaces of the two structures, as shown in Fig. 11 , and may lead to difference in catalytic activity and stability.
Conclusions
25
We demonstrate here a feasible, effective, and preferred route of synthesizing mesoporous supported Pt electrocatalysts with high electrochemical performance. While an example is drawn from the CMK3 structure, the underlying chemistry, particular the H 2 PtCl 6 catalyzed FA polymerization can be extended and 30 generalized to make other mesoporous carbons supported Pt electrocatalysts. Studies can be made to extend the synthetic method for preparation of other mixed metal nanoparticles, e.g. PtRu. The envisaged unique Pt/C interface in the CPDP route for stability deserves further investigations. 35 
